Background: We assumed that vascular clogging, wound status, and bacterial culture tests are significant characteristics in developing a treatment plan for diabetic patients with foot ulcers. The goal of our study was to find out the potential factors affecting vascular clogging, wound status, and bacterial culture tests in diabetic patients with foot ulcers. Methods: The medical records of diabetic patients with foot ulcers presenting at our institution between January 2016 and December 2017 were reviewed. A total of 58 diabetic patients with foot ulcers were included. Patient baseline characteristics including co-morbidities, as well as foot and ulcer characteristics, were analyzed. Results: By using the univariate and multivariate binary logistic regression analysis, we have found significant factors affecting vascular clogging, wound status and bacterial culture test. Age, glomerular filtration rate (GFR), and glycosylated hemoglobin (HbA1c) were significant factors influencing vascular status. Age, dialysis, GFR, white blood cell (WBC), and osteomyelitis were significant factors influencing wound status. Also, sex (male), dialysis and high WBC affect the possibility of Gram-negative aerobic bacterial infection more so than other bacterial infection. Conclusion: This study has confirmed significant factors affecting vascular status, wound status, and bacterial culture tests, including co-morbidities, as well as foot and ulcer characteristics at baseline. Physicians should consider these factors in developing treatment plans or predicting outcomes of diabetic foot ulcers.
Introduction
Diabetes is one of the leading causes of chronic disease and limb loss worldwide. It affected about 451 million (age of 18-99 years) people in 2017. By 2045, the number of reported diabetes cases are expected to increase to 693 million. Diabetic foot problems are common around the world, resulting in major difficulties in daily lives and also economic consequences for patients, their families, and society in general.
It is very important for clinicians to know which of the available clinical and laboratory findings are associated with poor outcomes in diabetic patients with foot ulcers. Prediction of outcomes in diabetic patients with foot ulcers might be helpful for clinicians to optimize and individualize management strategies.
In previous studies, peripheral artery diseases (PAD), presence of infection, and diabetic foot ulcer classification according to staging systems such as perfusion, extent, depth, infection and sensation (PEDIS)/Infectious Diseases Society of America (IDSA) classification grades or diabetic foot infection (DFI) wound scores have all been shown to be prognostic factors for diabetic foot disease [1] [2] [3] [4] [5] [6] . Therefore, we assumed that vascular clogging, wound status, and bacterial culture tests are relevant in developing a treatment plan or predicting the prognosis of diabetic patients with foot ulcers.
The goal of our study was to find out the potential factors affecting vascular clogging, wound status, and bacterial culture tests in diabetic patients with foot ulcers.
Methods

Patients and data collection
The study was approved by the Institutional Review Board of Chonbuk National University Hospital (IRB No. 2016-10-020-002) and performed in accordance with the principles of the Declaration of Helsinki. The informed consent was waived. The medical records of diabetic patients with foot ulcers presenting at our institution between January 2016 and December 2017 were reviewed. Data on age, sex, history of smoking, duration of diabetes mellitus, diabetic foot ulcer classification (PEDIS/IDSA grade, and DFI wound score), wound angiosome, underlying disease (hypertension, congestive heart failure, dyslipidemia, chronic kidney disease [CKD] stage), major vascular disease, history of dialysis, bacterial culture results, and blood test results (including glycosylated hemoglobin [HbA1c] , white blood cell [WBC] , creatinine [Cr] , glomerular filtration rate [GFR]) had been obtained on admission to the hospital.
The results of all tests and epidemiological characteristics were checked via the medical records. All patients were examined for wound status, vascular clogging, and pathologic culture on admission.
Each ulcer was classified using both the PEDIS/IDSA grade and the DFI wound score. The IDSA and the International Working Group on the Diabetic Foot developed a system for classifying diabetic foot wounds. The system is referred to by the acronym PEDIS, which is comprised of the first letters of perfusion, extent (size), depth (tissue loss), infection, and sensation (neuropathy). PEDIS grades are from 1 to 4 (uninfected, mild, moderate, and severe).
Lipsky et al. [7] developed a 10-item scoring system to measure outcomes in studies of various antimicrobial treatments for DFIs. The scoring system consists of a semi-quantitative assessment of the signs of inflammation, combined with measurements of both wound size and depth. Explicit definitions, which allow numerical scoring of wound parameters, are provided. Wound measurements consist of size, depth, and the amount of undermining. The10-item wound score ranges from 3 to 49.
The ulcer site was documented and categorized as angiosome, including anterior tibial artery, posterior tibial artery, and multiple vessels.
Computed tomographic angiography of lower extremities is usually performed to check the vascular status. However, because of the risk of contrast-induced nephropathy, patients with severely decreased kidney function were tested by radiologists using color Doppler ultrasonography on lower extremity vessels. The results were classified as either normal or abnormal, noting whether there were clogs in single or multiple vessels. For patients with abnormal vascular status, percutaneous transluminal angiography was performed, and if needed, the clogged vessels were revascularized [8] [9] [10] [11] . Diabetic foot ulcer was classified using the two systems, the PEDIS/IDSA grade and the DFI wound score, at the time of admission. Debridement was performed by removing all necrotic tissues. Bacterial culture was performed using the necrotic tissue obtained.
Three-phase bone scan was performed for suspected osteomyelitis (e.g., ulcer depth >3 mm, purulence in exposed bone of foot, or erythrocyte sedimentation rate >60 mm/hr, etc.) at the time of admission. Bone biopsy culture, a quite invasive method to evaluate osteomyelitis, was sometimes used in the operating room, but we have not adopted bone biopsy culture as a routine method.
Statistical analysis
R language version 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria) and T&F program version 2.5 (YooJin BioSoft, Seoul, Korea) were used for all statistical analyses.
Binary logistic regression analysis was performed, and for analyzing the combined effect of more than two variables, multivariable logistic regression analysis was performed using the backward stepwise procedure as the variable selection method to minimize Akaike information criterion.
Univariate and multivariate binary logistic regressions were performed for PEDIS/IDSA grades (3, 4 vs. 1, 2), 10-item DFI wound score (cutoff, 20), vascular clogging (yes vs. no), and bacterial culture (others vs. Gram-aerobic).
Results
A total of 58 diabetic patients with foot ulcers were included. The characteristics of these patients are shown in Tables 1-3. The mean age of participants with ulcers was 60.5±13.4 years. There were 45 men and 13 women. The mean duration of diabetes was 16.26±7.29 years. The PEDIS/IDSA grade was 1 in 11 cases (19%), 2 in 18 cases (31%), 3 in 28 cases (48.3%), and 4 in one case (1.7%). The mean DFI wound score (10-item) was 16.6±7.6. With respect to vascular clogging, 38 (65.5%) showed no clogging, five (8.6%) showed single vessel blockage, and 15 (25.9%) showed multi vessels blockage. Regarding bacterial cultures, 22 (37.9%) showed Gram-positive aerobic, 25 (43.1%) showed Gram-negative aerobic, four (6.9%) showed Gram-positive & negative aerobic, and seven (12.1%) showed others. Tables 4 and 5 show the univariate and multivariate binary logistic regression analyses for significant factors affecting vascular clogging in diabetic foot ulcer infection. According to the univariate analysis, age, Cr, and GFR were determined as significant factors affecting vascular status; whereas age, GFR, and HbA1c were found out to be significant factors influencing vascular status via multivariate analysis. Tables 6-9 show the univariate and multivariate binary logistic regression analyses for the significant factors affecting diabetic foot ulcer classification in diabetic foot ulcer infection. In univariate analysis, WBC was the significant factor affecting diabetic foot ulcer classification (PEDIS/IDSA grade); whereas age, dialysis, GFR, WBC, and osteomyelitis were significant factors influencing wound status with diabetic foot ulcer classification in multivariate analysis (PEDIS/IDSA grade). Based on univariate analysis, osteomyelitis was the significant factor affecting diabetic foot ulcer classification (10-item DFI score); whereas in multivariate analysis, age, dialysis, GFR, WBC, and osteomyelitis were found out to be significant factors influencing wound status based on the wound classifications (10-item DFI score). Tables 10 and 11 show the univariate and multivariate binary logistic regression analyses for the significant factors affecting bacterial culture (Gram-aerobic vs. others) in diabetic foot ulcer infection. According to the univariate analysis, low HbA1c affects the possibility of Gram-negative aerobic bacterial infection more than other bacterial infections, whereas in multivariate analysis, sex (male), dialysis, and high WBC affect the possibility of Gram-negative aerobic bacterial infection more than other bacterial infections.
Discussion
One of the most common complications of diabetes is the development of foot ulcers. Diabetic foot ulcers are related with serious morbidity as well as increased mortality. Therefore, understanding the factors that may contribute to the cure of diabetic foot ulcer would be helpful in both prevention and management strategies.
We have considered the factors affecting the treatment and prognosis of patients with diabetic foot ulcers as vascular clogging, current wound status, and the bacterial culture test, affecting antibiotic therapy. The severity and prediction of these three aspects can be helpful in predicting the prognosis of patients with diabetic foot ulcers and in determining the treat- Recently, a number of larger studies reported the possible determinants of outcome in diabetic foot disease, such as the UK multicenter study initiated by Ince et al. [1] and the EU-RODIALE study [3] . These studies found that the presence of PAD was an independent predictor of the outcome. However, to the best of our knowledge, no previous studies had systematically-via multivariable analysis-assessed the potential factors that contribute to PAD, including co-morbidities, as well as foot and ulcer characteristics at baseline. In our analysis, older age, decreased GFR, and HbA1c were significant factors contributing to the presence of PAD in diabetic foot ulcers patients ( Fig. 1) .
Aging is a significant predictor of the risk of limb amputa- tion and hospital mortality in diabetic patients with foot ulcers [12] . Aged patients usually have progressive atherosclerosis with peripheral neuropathy, CKD, as well as PAD [13] [14] [15] . Our study has revealed that older agepatients have greater PAD among diabetic foot ulcers patients.
The etiologies of CKD and diabetic foot ulcers have many common pathogenetic pathways, with both etiologies involving vasculopathy and microangiopathy. In the kidney, the pathogenic pathways lead to endothelial dysfunction, activation of Ras and transforming growth factor-β, inflammation with podocytes, and mesangial cell death. All paths ultimately lead to renal vasoconstriction, fibrosis that leads to glomerulosclerosis, and tubular degeneration, resulting in a decrease in renal blood flow, GFR, and renal function. Several studies have found that coexistence of CKD is associated with a greater severity of PAD [16] [17] [18] [19] [20] . In line with previous studies, our study has shown that decreased GFR was a significant factor predicting the presence of PAD in diabetic foot ulcers patients. The measurement of the long-term blood glucose control index, HbA1c, is used to evaluate and plan the treatment of diabetic patients. Chronic hyperglycemia is a well-known risk factor for diabetes-related vascular complications. Several studies have suggested that HbA1c may also be related with the incidence of large-vessel disease in patients with diabetes [21] [22] [23] [24] . Our study was also consistent with the results of previous studies. In our study, HbA1c was a significant factor pre- dicting the presence of PAD in diabetic foot ulcers patients. Wound classification systems help physicians to evaluate the prognosis of diabetic foot patients or to plan treatment plans. In our study, older age, dialysis patients, decreased GFR, high WBC, and concomitance of osteomyelitis were significant factors for determining the severity of foot disease (Fig. 2) .
As mentioned earlier, elderly patients may have various complications, including PAD, which can have a negative impact on wound status. Decreased GFR or the need of dialysis may indicate severe progression of diabetes in patients, contributing to worsened wound status. Diabetic foot ulcers pa- P<0.05. To the best of our knowledge, there have been no studies analyzing the factors that influence bacterial culture test results, which are the basis of antibiotic therapy in diabetic foot ulcers patients. In our study, sex (male), dialysis, and high WBC seem to affect the possibility of Gram-negative aerobic bacterial infection more than other bacterial infections ( Fig. 3 ).
Polymicrobial organisms have been isolated from infected diabetic foot ulcer patients since the 1980s. Gram-positive cocci bacteria are the most commonly isolated microorganisms, Gram-negative being the second, and anaerobic bacteria being the third. These results do not reflect the various clinical features and can vary from region to region, which may affect the treatment strategy.
Despite the previous results, according to the literature from Asia and the Middle East, the most predominant bacteria isolated from diabetic foot ulcers patients are said to be Gramnegative organisms [25] . Similar to previous studies, our study has shown that Gram-negative aerobic bacteria was the most predominant isolated organism. The possibility of a variance in results of bacterial culture tests in diabetic foot ulcers patients across different regions and races must be noted, and custom treatment plans for each region and/or race should be considered.
Our study had some limitations. First, this study was based on a retrospective chart review. Second, the iagnosis of osteomyelitis was made only in a limited number of patients, using three-phase bone scan. Though three-phase bone scans are less sensitive and specific than magnetic resonance imaging, they were used for rapid screening at an appropriate point in time.
In conclusion, the present study has confirmed significant factors affecting vascular status, wound status, and bacterial culture tests, including co-morbidities, as well as foot and ulcer characteristics at baseline. Older age and decreased GFR have affected both the vascular status and wound status. In addition, sex (male), dialysis, and high WBC seem to affect the possibility of Gram-negative aerobic bacterial infection more than other bacterial infections. However, recent studies have shown that empirical treatments may vary from region to region and that further research is needed, as the predominant bacteria tends to differ accross different ethnic groups and regions. 
